A series of basic derivatives of cholane and norcholane has been examined for bacteriostatic activity against the Gram-positive Staphylococcus aureus and Lactobacillus helveticus and the Gram-negative Bacillus lactis aerogenes.
I n th e preceding p ap er (p. 523) th e bile acids an d certain derivatives have been studied in regard to th e ir bacterio static properties an d th e ir relative activities in rem oving th e G ram -positive com plex from yeast. I t has recently been shown (H enry, S tacey & Teece 1945) th a t a G ram -positive nucleoprotein is liberated from Cl. welchii by a relatively sh o rt autolysis of a cell suspension a t p H 8. I t therefore appeared probable th a t th e dissociation o f nucleic acid from th e basic pro tein of th e cell, as effected b y th e bile acids, would be m ore readily o btained b y th e use of basic surface-active com pounds. W ith th e object of testin g th is hypothesis a series of basic derivatives of cholane an d norcholane, th e synthesis of w hich has been described elsewhere (Jam es, Sm ith, S tacey & W ebb 1946) was exam ined for biological activity.
A t th e sam e tim e it was realized th a t b y analogy w ith th e sy n th etic detergents, such basic com pounds m ig h t possibly ex h ib it considerable an tib acterial action against b o th G ram -positive an d G ram -negative m icro-organism s. F u rth er, th e occurrence of steroid substances th ro u g h o u t th e anim al b ody suggested th a t th e perhydro-cyclopenteno-phenanthracene nucleus m ig h t form a vehicle for th e con veyance of groups know n to have an tib acterial activ ity , such as am ino, am idino an d guanido groups, to th e m ost deeply seated tissues.
T he bile acids them selves have been used as ly tic agents for th e d estruction of pus in infections of th e ear an d nose, in em pyem a an d in vulvovaginitis infantium (Sobotka 1937) , b u t little success has been achieved in th e chem otherapeutic application of these substances.
A tte m p ts to utilize bile salts in th e tre a tm e n t o f pneum onia have been reviewed b y W hite (1938), who points o u t th a t th e lytic effects of th e bile acids on th e pneum ococci in th e body is m uch less pronounced, an d th e physiological action of th e injected salts offsets an y benefits w hich m ight be derived from th e dissolution o f th e cocci.
Studies on the antib acterial properties of some basic derivatives of cholane and norcholane
Serious disadvantages to th e possible chem otherapeutic application of th e n atu rally occurring bile acids are found in th eir haem olytic action, th eir destruc tive action on leucocytes (Sobotka 1937) and th eir toxicity (H aen 1944), though it is to be noted th a t a stu d y of th e results of investigations in this field indicates a certain parallel betw een such properties and antibacterial action.
The unfavourable effects of the bile acids on the tissues of th e host have created th e impression th a t th e bile salts increase th e virulence of certain micro-organisms, for exam ple, B. coli (G ratia & Doyle 1926) , V. cholerae (Golovanoff 1923 ) and typhosum (Arric 1917) .
A fu rth er draw back to any biological application of some of the bile acids is evidenced by their possible carcinogenic activity, since proof has been given of a tum our-prom oting action of th e bile acids (Law 1941) , and experim ents have been recorded in which injection of deoxycholic acid resulted in the developm ent of sarcomas in ra ts and mice (Stearn & W illheim 1943) .
C ertain derivatives of th e bile acids have, however, been investigated as p otential chem otherapeutic agents. W ith th e object of preparing organic arsenical com pounds for therapeutic purposes of greater solubility th a n h itherto employed, Lieb, Verdino & Schadendorff (1934) effected th e condensation of arsanilic acid w ith th e 3-chloro-carbonyl derivatives of cholesterol and cholic acid. These compounds, however, exhibited no bactericidal activ ity when tested against spirilla.
Condensation products of sulphanilam ide and cholic acid were prepared by Haslewood (1941) . The com pound
was shown by B arber, Dible & Haslewood (1943) to have considerable bacterio static activ ity against Streptococcus haemolyticus and Strept. pneumoniae, b u t no action against th e coliform group of organisms.
E x p e r im e n t a l
The w ater-soluble hydrochlorides of the basic sterol derivatives were exam ined for biological activ ity according to th e experim ental procedure recorded in th e preceding paper.
W hen exam ined for activ ity in rem oving th e G ram -positive complex from yeast it was found, in all cases, th a t th e p H of 2 % solutions of th e hydrochlorides were such th a t th e com pounds were rendered relatively valueless. The acidity of th e solutions was sufficient to cause rapid d en atu ratio n of the cell proteins a t th e tem perature of th e extraction process (60° C).
The bacteriostatic properties of th e com pounds against Staph, aureus, Lacto bacillus helveticus and B. lactis aerogenes were determ ined by th e serial dilution m ethod in n u trie n t bro th (pH 7). The results of tables I, 2 and 3 show th a t compounds ionizing to give surface active cations (e.g. 3 : 7 : 12-trihydroxy-23-amino-norcholane hydrochloride and 3 : 7 : 12-trihydroxy-23-guanido-norcholane hydrochloride) were active against th e Gram-negative bacillus, b u t more active against the Gram-positive organisms. Introduction of amino groups into the perhydrocyclopentenophenanthracene nucleus gave compounds (e.g. 7-amino-3:12-dihydroxy-cholanic acid, 3 :7-diamino-12-keto-cholanic acid) w ith little, if any, activity against the Gram-positive bacteria and no activ ity against the Gram-negative.
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W ith the exception of 3 : 12-dihydroxy-23-amino-norcholane hydrochloride and 3 : 12-dihydroxy-7-keto-23-amino-norcholane hydrochloride, little difference was apparent between th e activities displayed b y th e compounds against Staph, aureus and L. helveticus.
W ith the bile acids a simple relationship was apparent between bacteriostatic power and the depression of the surface tension of the culture medium induced by these compounds, though no such relationship between these properties was observed w ith the relatively small num ber of basic derivatives exam ined (table 4) .
Although sodium 7-am ino-3:12-dihydroxy-cholanate in relatively high concen trations produced a depression of th e surface tension of the medium in excess of th e lim iting value found for th e bile acids themselves (4*5 dynes), it exhibited no bacteriostatic activ ity against th e Gram-positive organisms, so th a t it would appear th a t the introduction of an amino group into th e bile-acid nucleus can in some w ay modify either th e adsorption of th e compound or its specific toxic effect.
The replacem ent of the carboxyl group of cholic acid by basic groups as in the derivatives of 23-amino-norcholane has yielded compounds which have, in contrast to the bile acids, been found (Dr D. L. Woodhouse, private Communication) non toxic for mice on injection.
Most bacteria suspended in aqueous solutions containing salts are negatively charged (Rideal 1930) . The surface of th e bacterium is therefore th e seat of free electrical energy as well as th e seat of free mechanical energy arising from th e surface tension of the fluid in which it is suspended. I f oppositely charged particles or ions can, by moving to th e surface of th e bacterial cell, establish an equilibrium by reducing th e am ount of free electrical energy they will do so in accordance w ith th e force of attractio n between unlike charges.
Thus if these particles or ions also have th e p roperty of reducing th e free mechanical energy b y virtue of their ability to lower surface tension then th ey will also come under th e influence of mechanical as well as electrical forces. Such an explanation could be invoked to explain some of the results recorded in table 4. However, it m ust be emphasized th a t 3 : 12-dihydroxy-23-amino-norcholane hydro chloride ('deoxycholamine hydrochloride') produces a depression of the surface tension of the medium of 5-7 dynes a t a concentration of 1:2000 and yet is com pletely w ithout bacteriostatic action against Staph, aureus. This figure is con siderably in excess of th e lim iting value of 4-5 dynes as found for th e bile acids them selves, whereas, if th e adsorption of th e basic derivative was due to a com bination of electrical as well as m echanical forces, it would be logical to assume th a t th e bacteriostatic lim it would occur a t a depression of th e surface tension less th a n 4*5 dynes.
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